Introduction
Since the discovery of antiferroelectric liquid crystals (AFLCs), a lot of investigations have been done because of their practical applications in science and technology [1] . Especially, their electrooptic properties seem to be very interesting. Anisotropy of physical properties such as die− lectric anisotropy, molecular structures and a value of spon− taneous polarization of chiral compounds are in close rela− tion [2] [3] [4] . AFLCs incorporate orthoconic antiferroelectric liquid crystals (OAFLCs) which exhibit optical as well as physical properties promising for liquid crystal display (LCD) applications [5, 6] . Their tilt angle is close to 45°w
hich facilitates high quality of contrast. During the last few years the number of OAFLCs synthesized was growing up. Up to now, many chiral homologous series of three ring esters having perfluoroalkanoyl unit in the terminal chain have been studied [7, 8] . Such homologues have low melting points and low melting enthalpies, what is characteristic of many antiferroelectric orthoconic systems.
In this work, physical properties of two orthoconic com− pounds have been studied on thin layer mono−domains which have been well align by means of surface treatment and electric field influence in the vicinity of the SmA*−SmC* phase transition. The main objective of the research done in this work was to find a room temperature ferroelectric mate− rial suitable for future display applications. Two selected antiferroelectric compounds having slightly modified mo− lecular structures could be used in the future as components of room temperature mixtures. Studying their stability in long lasting experiments as well as their ability to form mono−domain texture is of great importance. Their dielec− tric properties (relaxation time, dielectric increment) and spontaneous polarization are also important for designing new materials. The results of calorimetric, electrooptic, and dielectric studies are presented and discussed.
Experimental

Materials studied
Chemical formulae of the substances studied are presented in Fig. 1 . These two compounds differ in the position of flu− orine atom in the phenyl ring between achiral chain and carboxyloxy group. The compound denoted as C1 has got F atom at X 1 position and the compound denoted as C2 -at X 2 position. Chemical names of the compounds are as follows: [9] . Purity of the compounds was very high, between 99.6-99.9%.
Methods applied
Differential scanning calorimetry (DSC), polarization microscopy (PM), reversal current method (RCM), and fre− quency domain dielectric spectroscopy (FDDS) have been applied to study the mesomorphic properties as well as col− lective and molecular dynamics of both compounds. DSC measurements were done by using Perkin Elmer DSC8000 calorimeter. The calorimeter was calibrated by means of the melting points of indium and water as far as a temperature is concerned. Energy calibration was done by using melting point of indium. Powder samples of the sub− stances were put into the aluminium crucibles and sealed by the crimper press. The mass of the sample used was ca. 5 mg. Three different heating/cooling rates were used, namely 10, 20, and 40 K/min, to better investigate phase transitions between liquid crystalline phases.
Texture observations and spontaneous polarization mea− surements were done using the commercial ITO cells (AWAT Company) facilitating planar alignment (homoge− nous -ITO HG) and having thickness of 5.3 μm. In the elec− tro−optic measurements, the following equipment was em− ployed: polarizing microscope Nikon Eclipse LV100POL equipped with INSTEC HCS410 hot stage, Agilent 33120A waveform generator driven by PC as well as F20ADI volt− age amplifier and digital oscilloscope DSO6102A con− trolled by a computer via USB. Textures were observed under triangular electric field of amplitude equal to 72 V p−p and frequency of 7 Hz. After growing a mono−domain in the vicinity of the SmA*−SmC* phase transition, a fast bi−stable electro−optic switching was observed in the ferroelectric phase and tri−stable switching -in the antiferroelectric phase.
Frequency domain dielectric spectroscopy (FDDS) has been applied to acquire the dielectric spectra in different liq− uid crystalline phases. The dielectric spectrometer based on Agilent 4294A impedance analyzer has been used. The measurements have been done in the broad frequency range from 40 Hz to 10 MHz. The commercial cells (AWAT Company) of thickness of 5 μm with golden electrodes facilitating planar alignment (HG) have been filled with C1 and C2 compounds and the perpendicular component of the dielectric permittivity has been measured.
Results and discussion
DSC studies
As the result of the calorimetric measurements, the endo− thermic (ENDO -obtained during heating) and exothermic (EXO -during cooling) curves have been acquired. Figure  2 presents the DSC curves: EXO and ENDO registered for both compounds studied. The onset T o , peak T p , end T e tem− peratures as well as the transition enthalpies DH for the phase transitions observed have been calculated by Perkin Elmer software. DSC and electro−optic measurements show that both compounds studied exhibit a direct transition from the isotropic to paraelectric SmA* phase. The substances display also the ferroelectric SmC* phase as well as the antiferroelectric SmC A * one. The results of the calorimetric and electro−optic measurements are gathered in Tables 1  and 2 . Three scans with different rates (10, 20 , and 40°C /min): heating from crystalline to isotropic phase and cooling down to the crystalline phase show very good tem− perature stability of both compounds.
As seen from Table 1 , both compounds display enantio− tropic room temperature antiferroelectric SmC A * phase in a wide temperature ranges. It is surprising that the C1 com− pound does not exhibit crystallization during cooling down to -150°C as well as during further heating. It is not a typi− cal glassy state which needs further research.
Electro-optic investigations
The electro−optic measurements have been done on thin layer mono−domains obtained in a strong electric field applied upon slowly cooling from the SmA* paraelectric to the SmC* ferroelectric phase. The process of mono−domain growing took place just after transition from the SmA* phase to the SmC* one. It is illustrated in Fig. 3 Upon further cooling down of the mono−domain of the ferroelectric SmC* phase, a mono−domain of the antiferro− electric SmC A * phase appeared at ca. 100°C which displays a fast tri−stable switching. As examples, the textures of this phase under different conditions, i.e., temperature and fre− quency of the electric field applied are presented in Figs. 
4(a) and 4(b).
Spontaneous polarization measurements have been done using reversal current method [10] . Different frequencies of the driving triangular wave have been used to get rid of overshooting effect in the antiferroelectric phase. The value of spontaneous polarization was computed by using the formula
where R (W) is the resistance of the resistor being in series with the cell, A (Vs) is the area under the peak of response current, S (cm 2 ) is the surface of the ITO electrodes. Figure  5 (a) presents the reversal current vs. time for C1 compound obtained at T = 30°C. The strength of the triangular driving voltage was 100 V p−p and frequency 50 Hz. As seen, one peak is visible under these conditions. Measurements have been done vs. temperature and the temperature dependence of spontaneous polarization calculated is shown in Fig. 5(b) for both compounds C1 and C2. One can see that the charac− ter of the SmA* -SmC* transition is different for C1 and C2. In the case of C2 compound, a first order transition takes place, whereas for C1 -it is rather of the second order type. However, by fitting the mean field function P S = P 0 (T C -T ) b to the experimental points one obtains the b parameter equal to 0.33 ±0.01 and 0.1 ±0.01 for C1 and C2 compounds, respectively. It is known from the studies on single component systems that the SmC* -SmCA* transition could be of the first order type [11, 12] .
Dielectric measurements
The dielectric measurements have been performed on cool− ing of the samples. Examples of the dielectric spectra mea− sured are presented in Fig. 6 Figures 7 and 8 present the temperature dependence of the dielectric increment calculated and Arrhenius plots in all liquid crystalline phases for C1 and C2 compound, respec− tively. For both compounds studied, the AFM1 mode exhib− its the activation energy DH AFM1 of ca. 100 kJ/mole (100.0 ±1.1 kJ/mole for C1 and 118.9 ±0.5 kJ/mole for C2) what may mean that is connected with the reorientation of mole− cules around their short axes. On the other hand, the AFM2 relaxation process is characterized by the activation energy DH AFM2 of ca. 50 kJ/mole (51.7 ±1.4 kJ/mole for C1 and 57.2 ±1.7 kJ/mole for C2) which could originate from fluc− tuations of antiferroelectric order parameter. Additionally, as one can see in Figs. 7(a) and 8(a) there is a large contribu− tion to dielectric increments at the SmA* -SmC* transition what is characteristic for the de Vries type transition [13] .
Conclusions
l C1 and C2 compounds exhibit about the same phase se− quences -except for the fact that the crystallization point was not observed for C1 compound on cooling and further heating. This phenomenon needs more research to be done.
l Mono−domains of ferroelectric SmC* and antiferroelec− tric SmC A * phases can be grown under the electric field for both substances. They show fast bi−stable eletro−op− tic switching in the SmC* phase and tri−stable switching in antiferroelectric one.
l Maximum value of spontaneous polarization in the anti− ferroelectric phases at low temperatures is for both com− pounds around 130 nC/cm 2 . In the ferroelectric phase and in the intermediate temperature range, the values of spontaneous polarization may be connected with diffe− rence in molecular structure and flexibility of compo− unds studied. l Dielectric spectra of the compounds studied show two relaxation processes in the ferroelectric SmC* phase, one collective relaxation processes (Goldstone mode) and Maxwell−Wagner relaxation. Similarly, two rela− xation processes have been revealed in the antiferro− electric SmC A * phase, one molecular process (reorienta− tion around short molecular axes) and one collective mode due to fluctuations of antiferroelectric order parameter. 
